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ABSTRACT. Objectives. To estimate the hepatitis C
virus (HCV) vertical transmission rate, the effect of po-
tential risk factors, and the pattern of HCV antibody
response and viremia in HCV-infected infants.

Study Design. The Mothers and Infants Cohort Study
enrolled both human immunodeficiency virus (HIV)-
seropositive and HIV-seronegative pregnant women at
five obstetric clinics in New York City in a prospective
cohort study between January 1986 and January 1991.
HCV-infected mothers and their 122 offspring were
followed-up for a minimum of 12 months for evidence of
HCV infection as determined by persistent HCV anti-
bodies or detection of HCV RNA by reverse transcription
polymerase chain reaction. Comparisons among groups
for categorical variables were performed using the Fish-
er’s exact test.

Results. Seven (6%; 95% confidence interval, 2%-11%)
of the 122 infants were HCV-infected. There was a tendency
for increased risk of transmission with maternal viral and
obstetrical factors, such as coinfection with HIV (7% vs 4%),
high HIV viral load (13% vs 6%), HCV viremia (8% vs 3%),
vaginal delivery (6% vs 0%), and female gender of offspring
(8% vs 3%), although none of the associations reached sta-
tistical significance. After loss of maternal antibody, HCV
antibody seroconversion occurred at a mean age of 26
months in 3 HIV-coinfected infants compared with 7
months of age in 4 HCV-infected HIV-uninfected infants.
Serial samples showed that HCV RNA persisted in 6 in-
fants for at least 18 to 54 months.

Conclusions. Our study is in accordance with other
studies that have shown low overall HCV vertical trans-
mission risk and a trend toward higher risk with mater-
nal risk factors such as HIV-coinfection or HCV viremia.
A delay in infant HCV antibody response may be asso-
ciated with HIV coinfection although larger studies are
needed to confirm these findings. Pediatrics 1998;102:
355–359; hepatitis C virus, human immunodeficiency virus,
vertical transmission, children.

ABBREVIATIONS. HCV, hepatitis C virus; HIV, human immuno-
deficiency virus; EIA, enzyme immunoassay; RIBA, recombinant
immunoblot assay; RT-PCR, reverse transcription polymerase
chain reaction; IVIG, intravenous immunoglobulin.

Cloning of the hepatitis C virus (HCV) by Choo
et al1 in 1989 and subsequent development of
diagnostic assays revealed that this agent was

responsible for the majority of transfusion-transmit-
ted hepatitis cases.2,3 Furthermore, the vast majority
of adults who develop acute HCV infection remain
persistently infected4 with approximately one-quar-
ter progressing to cirrhosis and perhaps one-quarter
of these developing hepatocellular carcinoma.5,6 Al-
though direct percutaneous inoculation is the most
efficient mode of transmission of HCV, several stud-
ies have demonstrated that sexual, household, occu-
pational, and vertical transmission of HCV may also
occur.7–9 Reports of mother-to-infant transmission
have shown that rates are highly variable (range,
0%-36%)10–13 with higher rates documented if moth-
ers are human immunodeficiency virus (HIV) coin-
fected or have HCV RNA titers .1 million copies per
milliliter.10,11,13,14 In one study, the HCV vertical trans-
mission rate was significantly higher for vaginally
delivered infants compared with infants delivered by
cesarean section.13 Breastfeeding is thought to play a
minor role in HCV transmission.11,15–17

Evaluating the risk of HCV vertical transmission
has been limited by methodologic issues such as
small sample size, inadequate duration of follow-up,
variable types of serologic assays, and the lack of
consensus laboratory criteria to define pediatric HCV
infection.18 In the present investigation we had three
major objectives: 1) to prospectively evaluate infants
born to HCV-infected pregnant women with or with-
out HIV coinfection for evidence of HCV infection, 2)
to assess the effect of potential risk factors on the risk
of HCV vertical transmission, and 3) to determine
the pattern of HCV antibody response and viremia in
HCV-infected infants.

METHODS
Between 1986 and 1991, the Mothers and Infants Cohort Study

enrolled HIV-seropositive and HIV-seronegative pregnant women
from five obstetric clinics in Brooklyn and the Bronx, New York,
and followed their children for up to 4 years. Procedures have
been reported elsewhere in detail.19–21 Briefly, after pretest coun-
seling and informed consent, each woman was tested for HIV
antibodies. All HIV-seropositive women and a set of HIV-sero-
negative women matched for age, ethnicity, month of gestation,
and HIV transmission categories were enrolled for prospective
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evaluation. Detailed demographic, clinical data, and at most time
points blood samples were collected at enrollment, during the
third trimester, at delivery, and at predetermined intervals there-
after. Infants were seen monthly through age 6 months, every 3
months through age 18 months, and at 6-month intervals thereaf-
ter until 4 years of age.

For the current analysis, a maternal third-trimester blood sam-
ple and selected infant samples between 1 month and 4 years of
age were screened for anti-HCV antibodies with second or third
generation enzyme immunoassays (EIA 2.0 or EIA 3.0; Ortho
Diagnostic Systems, Raritan, NJ). Women with nonreactive sera
were considered HCV-uninfected. EIA-reactive sera were tested
using a supplemental assay, ie, second or third generation recom-
binant immunoblot assays (RIBA 2.0 or RIBA 3.0; Chiron, Em-
eryville, CA). These detected antibodies against core antigen (c-22)
and nonstructural proteins (c-33c, c100-c, and either c-511 or NS5).
All HCV-seropositive women and infants (by EIA and RIBA) were
also tested for HCV viremia by the reverse transcription polymer-
ase chain reaction (RT-PCR) technique (HCV Amplicor; Roche
Molecular Systems, Nutley, NJ). Quantification of HCV viremia
was accomplished in most samples by second-generation
branched DNA signal-amplification technology (Chiron Hep C
bDNA 2.0). Peripheral blood HIV-1 RNA levels were determined
by using the Amplicor HIV Monitor assay (Roche Molecular Sys-
tems, Branchburg, NJ). HCV genotyping was performed with a
line probe assay (LiPA, Innogenetics, Brussels, Belgium). All sam-
ples were coded, frozen within 24 hours of collection, and stored
at 270°C. Samples were not exposed to repeat freeze-thawing
procedures.

Infants were considered HCV-seropositive when serum or
plasma reacted with at least two HCV-specific antigens by RIBA
2.0 or 3.0, indeterminate when it reacted with only one, and
negative when it did not react with any HCV-specific antigens.
HCV-infected infants were defined as: 1) HCV antibody positive
at or after 18 months of age, or 2) HCV RNA positive on two or
more separate occasions. Infants who were HCV antibody nega-
tive at or after 18 months of age or were HCV RNA negative after
age 6 months were considered HCV-uninfected (the cutoff of 6
months was used because a significant proportion of HCV-
infected infants may remain PCR negative for the first 3 to 6
months of life22). Infants were classified as probably uninfected
(n 5 7) if they had EIA antibody-negative test results at or after 12
months of age without a supplemental RIBA or a confirmatory
HCV RNA test. For the purpose of this analysis, probably-unin-
fected infants were grouped with HCV-uninfected infants.

We examined the association between the risk of HCV vertical
transmission and maternal viral and nonviral factors, such as
maternal age, ethnicity, intravenous drug use, HIV coinfection,
HIV RNA level, prenatal CD4 level, and HCV viremia using the
Fisher’s exact test. Only infants who were followed-up for a min-
imum of 12 months are included in our analyses.

RESULTS

Population Characteristics
One hundred forty-seven (41%) of 357 enrolled

pregnant women were anti-HCV positive by EIA
and RIBA. Seventy-nine percent of the HCV-seropos-
itive women had currently or previously used intra-
venous drugs compared with 3% of the HCV-sero-
negative women (P 5 .001). One hundred fifty-one
infants, including four twin pairs, were born to HCV-

seropositive women. Of these, 122 infants were fol-
lowed-up for a minimum of 12 months.

Seven of the 122 infants born to HCV-seropositive
women were HCV infected by the end of follow-up
(Table 1), giving an overall vertical transmission rate
of 6% (95% CI 5 2%-11%). All 7 infants were single-
tons. There were no infants with clinical manifesta-
tions of hepatitis during follow-up. HIV coinfection
was observed in 3 infants (A to C). Of note, infant A
received approximately 25 doses of intravenous im-
munoglobulin starting at 12 months of age (April
1989).23 In addition, 2 infants (B and C) had a history
of receiving blood transfusions: infant B was trans-
fused at 16.5 months of age (March 1992), serocon-
verted at 18 months of age, and first tested positive
for HCV RNA at 23 months of age; infant C was
transfused at birth (March 1986), and HCV RNA was
positive at the first sampling time of 8 months of age.
Among 115 singleton HCV-uninfected infants, pas-
sively acquired HCV antibodies were lost at a me-
dian age of 6 months (range, 1–18 months) as de-
tected by EIA.

Nonviral Risks Factors for Vertical Transmission
Older maternal age at delivery, intravenous drug

use during pregnancy, breastfeeding, and female
gender of infant showed an increase in risk of HCV
vertical transmission; however, none of these associ-
ations reached statistical significance (Table 2). Six of
7 HCV-infected infants were delivered vaginally.
The risk of HCV transmission was higher for vagi-
nally-delivered than for cesarean-delivered infants,
but this association also did not reach statistical sig-
nificance (6% vs 0%; P 5 .6).

Viral Factors
HCV RNA as detected by RT-PCR or bDNA was

found in 72 (69%) of the 104 HCV-seropositive moth-
ers with adequate samples. The median third-trimes-
ter RNA titer in mothers of infants infected with
HCV was 3.7 3 106 eq/mL (range, 1.7 3 106 to 4.8 3
107 eq/mL) compared with a median HCV RNA titer
of 4.2 3 106 eq/mL (range, 1.1 3 106 to 1.6 3 107

eq/mL) in mothers who did not transmit HCV to
their infants.

There was no statistically significant difference in
detection of HCV viremia between mothers with
HCV alone and those coinfected with HIV [25 of 49
(51%) vs 47 of 73 (64%), P 5 .2]. There was a trend
toward increased risk of vertical transmission with
maternal HCV viremia, but this was not statistically
significant (8% vs 3%, P 5 .4). Of the mothers with

TABLE 1. Prevalence of Hepatitis C Virus (HCV) and Human Immunodeficiency Virus (HIV) in 122 Infants of HCV-Infected Women

Mothers Infants

HCV1HIV1 HCV1HIV2 HCV2HIV1 HCV2HIV2 Total

HCV1HIV1 3 2 16 52 73
(A-C)* (F-G)

HCV1HIV2 0 2 0 47 49
(D-E)

Total 122

* For comparison with text and Fig 1, the HCV-infected infants are labeled A-G. The three infants also infected with HIV (A-C) are
indicated in bold.
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HCV viremia, the risk of vertical transmission was
high whether the mother was coinfected with HIV (4
of 47, 9%) or had HCV alone (2 of 25, 8%). In the
absence of detectable maternal HCV viremia, the
transmission rates were 5% (1 of 21) with maternal
HIV infection and 0% (0 of 11) without maternal HIV
infection.

HIV RNA levels were determined on 59 of 73
mothers coinfected with HIV (Table 3): 13% (3/23) of
infants born to women with third-trimester HIV-
RNA levels $10 000 copies/mL were infected with
HCV compared with 6% (2/36) of infants born to
women whose HIV RNA level was ,10 000 cop-
ies/mL (P 5 .4).

Mother-infant pairs showed homology with re-
spect to HCV major genotype 1 (subtypes 1a or 1b) in
4 out of 5 pairs (80%). The exception was infant D,

who had subtype 4c/4d, whereas the mother had
subtype 1b on two separate samples. HCV genotyp-
ing was unsuccessful in 2 infants (A and B).

Patterns of Antibody Response and Viremia in
Children

Patterns of HCV antibody responses and HCV
viremia in HCV-infected children were highly vari-
able (Fig 1). Infant A lost maternal antibodies by 6
months of age, seroconverted at 24 months of age,
and remained antibody positive throughout the fol-
low-up period; however, he never tested positive for
HCV viremia. Infant B lost maternal antibodies by 6
months, seroconverted between 15 and 18 months of
age, and tested positive for HCV RNA at 23 months
of age, the first sample tested by RT-PCR. Infant C
lost maternal antibodies by 9 months, had an isolated
c33c antibody band until age 36 months, and had
persistent viremia on all but the neonatal/pretrans-
fusion sample. Infants D and F did not have antibody
tests until 7 months of age. In infants E and G there
was nearly complete loss of maternal antibodies, fol-
lowed by seroconversion between 6 and 9 months of
age. Thus, the 4 HIV-uninfected infants (D to G)
seroconverted at much younger ages (range, 5–7
months) than the 3 HIV-coinfected infants (A to C;
range, 18 to 36 months).

Viremia persisted in 6 of 7 infants (B to G) for at
least 18 to 54 months. After age 6 months, HCV RNA
titers were relatively stable and were highest in in-
fant C (22 3 106 eq/mL), intermediate in infants B, D,
and F (6 to 10 3 106 eq/mL), and lowest in infant E
(3 3 106 eq/mL).

DISCUSSION
Our findings confirm mother-to-infant transmis-

sion of HCV in inner city women with a high prev-
alence of intravenous drug-abusing behavior. In ac-
cordance with other studies, overall vertical
transmission rate was low, 6%. Three infants (A to C)
may have been at additional risk of HCV infection
after postnatal exposure to blood or blood products.
However, Gammaguard (Baxter Healthcare Corpo-
ration, Deerfield, IL) intravenous immunoglobulin
(IVIG) was found to be the only IVIG product impli-
cated in transmission of HCV in a large cohort of
children who received IVIG for immunodeficien-
cies23 and infant A, who was coinfected with HIV,
received Gammaimmune (Bayer Corporation, West-
haven, CT) IVIG. Infant B was transfused with
packed red blood cells in 1992, after the introduction
of universal donor HCV screening, and infant C had
an identical subtype as his mother (1a) on two sep-
arate occasions. One mother-infant pair (D) in our
study had mismatched major genotypes. Mislabeling
or contamination of samples could explain this dis-
crepancy. It is also possible that the mother was
infected with more than one HCV genotype24–26 and
transmitted one that was not detected by our tech-
nique.

We studied the potential role of several factors on
HCV vertical transmission. In accordance with other
studies, we found that transmission rates were
slightly higher in the presence of concomitant HIV

TABLE 2. Nonviral Risk Factors for Vertical Transmission of
Hepatitis C Virus

Factor No. of
Infants

Studied*

No. of
Infants

HCV-Infected
(%)

P Value

Maternal age at delivery, y
122

18–26 28 1 (4)
27–32 54 3 (6) .8
33–45 40 3 (8) Trend .5

Ethnic group 122
White 20 2 (10)
Black 48 2 (4)
Hispanic 54 3 (6) .6

Ever IV drug use 116
No 23 1 (4)
Yes 93 5 (5) 1.0

IV drug use during pregnancy 122
No 64 3 (5)
Yes 58 4 (7) .7

Mode of delivery† 115
Vaginal 94 6 (6)
Cesarean 21 0 (0) .6

Breastfeeding 122
No 114 7 (6)
Yes 8 0 (0) 1.0

Infant’s gender 122
Male 62 2 (3) .3
Female 60 5 (8)

* Numbers do not always total 122 due to missing data.
† Seven infants had unknown mode of delivery.

TABLE 3. Viral Risk Factors for Vertical Transmission of
Hepatitis C

Factor No. of
Infants
Studied

No. of
Infants

HCV-Infected
(%)

P Value

HIV coinfection 122
No 49 2 (4)
Yes 73 5 (7) .7

CD41prenatal level 106
,20% 11 1 (9)
$20% 95 5 (5) .5

HIV RNA level 59
$10 000 copies/mL 23 3 (13)
,10 000 copies/mL 36 2 (6) .4

HCV RNA positive 104
No 32 1 (3)
Yes 72 6 (8) .4
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infection11,13 or high maternal HCV viremia.10 It has
been suggested that HIV-induced immunodeficiency
may promote increased HCV replication and there-
fore facilitate infectivity.27 We noted some evidence
of increased risk with high maternal HIV RNA lev-
el,28 older maternal age at the time of delivery, vag-
inal mode of delivery, and female gender of off-
spring. However, because of the small numbers of
HCV-infected infants, our study had low statistical
power.

Thomas et al22 recently reviewed the use of HCV
PCR and antibody tests in the diagnosis of vertically
transmitted HCV. Data from 48 studies were system-
atically pooled to include a total of 74 HCV-infected
and 297 HCV-uninfected children. An estimated 89%
of infants with strong evidence of HCV infection
were PCR positive by 3 months of age. All HCV-
uninfected infants lost maternal antibody by 18
months of age. Many HCV-infected children re-
mained antibody positive throughout the follow-up
period; however, in several cases periods of transient
seronegativity lasting between 3 to 12 months were
reported between the ages of 2 to 24 months, similar
to infants A, B, C, E, and G in our study.10,11,13

In the setting of pediatric HIV infection, both HCV
antibody and HCV RNA testing of serial samples
were required to diagnose pediatric HCV infection,
as illustrated by infants A and C, who lacked either
detectable viremia or a sufficient antibody pattern.
Manzini et al29 demonstrated that clearance of pas-
sively acquired HCV maternal antibodies was signif-
icantly slower among infants born to HIV-infected
mothers than to those born to HIV-uninfected moth-
ers. In our study, the 3 HIV-coinfected infants be-
came HCV-seropositive between the ages of 18 and
36 months. Conversely, without HIV infection, HCV
RNA was detected by 2 to 6 months of age, and HCV
antibody seroconversion and persistence was appar-
ent by 5 to 7 months of age in all 4 HCV-infected
HIV-uninfected infants.

Natural history studies on small series of HCV-
infected children demonstrate that in most children,
similar to adults, there is persistent infection.30–33

Palomba et al32 followed 7 HCV-infected infants
for a mean of 65 months and found all infants to be

viremic at the time of last analysis. Liver biopsies
done on 5 of the infants were consistent with chronic
persistent HCV infection.32 HCV persisted in 6 of our
infants for at least 18 to 54 months. Although none of
our study infants had clinical hepatic abnormalities
that were sufficient to trigger a thorough evaluation,
transient elevations of alanine aminotransferase
(ALT) levels during infancy were reported to be
common with HCV infection, occurring in ;80% of
cases.34 Various factors can affect the clinical evolu-
tion of chronic HCV in childhood. Outcome may be
related to very young age at the time of primary
infection as well as the underlying immune system of
the host.30 Currently there is no effective way to
prevent vertical transmission. That children can be
life-long reservoirs of HCV may have serious impli-
cations for controlling the spread of this infection.

CONCLUSION
HCV transmission with perinatal exposure is rel-

atively inefficient, but seems to be slightly higher if
the mother is HIV coinfected or has HCV viremia
during pregnancy. Previous studies have been lim-
ited by short duration of follow-up. With follow-up
beyond 3 years of age we were able to detect late
seroconversion in HIV-coinfected infants. A multi-
center collaborative study approach is clearly needed
to better understand risk factors associated with ver-
tical transmission, the natural history of perinatal
HCV infection, and treatment options for children
with chronic HCV infection.
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